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INTRODUCTION 

In the practice of irrigation, more water is often delivered to a 
project than is used by the plants, evaporated, or removed by natural drain- 
age; a part must be removed artificially in order that all of the land may 
be cultivated. The removal of excess water by means of drainage systems has 
been necessary. on numerous irrigation projects and will be required in many 
future developments. Among the important problems involved in the design 
of a drainage system is the determination of the quantity of water that must 
be removed and the required maximum rate of removal. 

As irrigation agriculture develops and water becomes mernaetentia 
valuable, information relative to the total annual yield or run-off of 
drainage systems and the portion available for reuse during the irrigation 
season, becomes increasingly important. Careful estimates of required 
capacity are essential where underdrains are to be employed, and in deciding 
between the use of an underdrain and an opén drain. Insufficient capacity 
results in overtaxing and perhaps failure, while a too generous design means 
excessive coste Less care is required wiere an open drain is to be 
employed; however, an open drain should have capacity sufficient to prevent 
the submergence of the outlets of lateral underdrains if such exist. More- 
over, outlet systems serving large areas underlaid with very permeable 
formations develop large quantities of water, and insufficient capacity may 
reduce their effectiveness with respect uoutioveset the water ee toa 


proper depth. 


One of the most useful aids in estimating the yield of a drainage 
system is information regarding other drains in its vicinity or other 
projects having conditions similar to the one being investigated. With 
the view of making such information available, data relative to the maxi- 
mum discharge of many systems in 13 Western States are presented in this 
bulletin. These projects have an aggregate gross area of approximately 
2,850 square miles, of which 2,100 square miles is irrigated. They contain 
atotal of 2,550 miles of drain and 230 drainage wells. 

Data are also presented on the total annual run-off from a gross 
area of 1,642,000 acres, of which 1,214,000 acres are irrigated. For most 
of this latter area therelation between annual run-off and total water 
applied is shown. 

SUMMARY 

The yield of a drainage system for any given period is equal to the 
deep percolation losses on the area, plus the natural underground inflow, 
minus the natural underground outflow, plus or minus the amount of decrease 
or increase of ground water. If the drainage system carries surface waste 
from farms this must be added. It is difficult, if not impossible, to 
determine the value of all these factors by direct methods. All may be 
changing at different rates, and some or even all may be changed by the 
installation of a drainage system. It becomes necessary to study other 
factors which exert either a direct or indirect influence, in order to 
arrive at an estimate of the required capacity of a proposed drainage 
system. Some of these factors are: Nature of soil, subsoil, and deeper 
formations; use of water and methods of applying it; crops grown; climatic 
conditions; topography; location and extent of the affected area; and 


the type of drainage system. 
ow f we 


The nature of the formation at or near grade depths greatly in- 
fluences, both directly and indirectly, the yield of drainage systems and 
this factor is used as a basis eh classification. For the purposes of 
this report subsoils are divided into three main groups: (1) gravel, gravel 
and sand; (2) sand; and (3) clay, hardpan, and other dense:formitions. 
These groups are further aaa into classes according to degree of perme- 
ability, and to some — consideration is given to the nature. of the 
subsoil and soil above grade depths. 

For use in analyzing and comparing yields on a great variety of 
districts, the best deta are obtained by taking total tributary irrigated 
areQ as & basis for sone yield per unit of area, and irrigation water 
diverted plus precipitation on irrigated nrea as a basis for showing the 
relation between annual yield and water applied. 

Table 1 is a summary giving total crea and miles of drain for 
the various districts considered, and weighted averages for all other 
factors. These averages, for & group of districts having an aggregate 
irrigated area of 1,113,646 acres, show that the annual yield is 350.9 
per cent of the total water applied, and that 74.2 per cent of the annual 
yield is carried es period from April to October, inclusive. They 
show that the sccm adi old is 1.84 acre-feet per acre, that the main irri- 
gation system losses are 1.94 acre-feet per acre, that the sum of the 
water delivered to the land and precipitation is 4.01 acre-feet per acre, 
and that the difference between total water applied and drainage yield is 
4.11 acre-feet per acree This table also shows averages for three different 


-. ro 


groups based on the predominating nature of the subsoile 
oa see 


Table 2 gives the maximum monthly rate of yield per square mile 
of tributary irrigated area and per linear mile of drain for each class 
of formation considered. It shows the lower and upper limits as well 
asthe average for each class. The rane of limits for each class is 
wide, partly because of peters of classification and of variation 
in permeability, put cai large extent because of variation in many other 
factors that influence the — yield. — districts the effect 
of a majority of these Paitin TmaAY be a large yield, but in others the 
effect may be the opposite. In ro projects the effect of some factors 
toward a large yield is offset by the — of others in the opposite 
direction, with the result that ~ actuch: rate of yield is somewhere near 
the average for the class of formation considered. 

GENERAL DISCUSSION OF DATA AND METHOD OF 
PRESENTATION 

The data presented in Tables 5 and 4 were collected by many dif- 
ferent apes and no doubt have varying degrees of accuracy according 
to the needs of each. Some es have complete records covering many > 
years, while others have made only a few measurements during one or more 
irrigation seasons. Some of the records are not recent and conditions 
with respect to both irrigation and drainage may have changed materially 
since the collection of the only figures available. Therefore the years 
during which the _—— were taken are shown. In some cases inadequate 
systems a been eel ee completed with the result that the dis- 
Charge may be Sonam —* than the figures given for past yearse 
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Table 3.- Drainage yield compared to water applied for a year, and ite monthly distribution for systems serving irrigated lands 
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fable 3.- Drainage yiel4 compared to water applied for a year, amfi its monttly distribution for systems serving irrigated lands 
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- Drainage yield compared to water applied for a year, and its monthly distribution for systems serving irrigated lands 
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(Cont immed) 


Table 3 .- Drainage yield compared to water applied for a year, and its monthly distribution for systems serving irrigated lands 
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In order to classify the information and make comparisons, it has 


‘been necessary to rearrange much of it and to reduce the results to stand- 


ard units. The units most commonly employed are ne we. F per square 
mile of area and second-feet per linear mile of drain, for maximum dis- 
charge; and acre-feet per acre and per cent of total water applied, for 
total annual yield. Except as applies to the unit second-feet per linear 
mile of drain, wide variations have been found in methods of arriving at 
unit values, because of different interpretations of the terms tributary 
area and water applied. Several of the various synonyms of tributary area 
are, affected area, irrigated area contiguous to drainage system and 


exclusive cf remote but higher land, protected area, and total area of 


-entire watershed regardless of the amount irrigated. All but the last one 


are difficult to outline, and when the term affected area is used as 4 
basis it is found in some cases that the maximum rate of discharge and 
total run-off exceed the rate of application and total mter Os 
respectively. In the cnse of an intercepting drain, the protected area 
and tributary area are not identical. The use of area of the entire vater- 
shed often gives results that are not comparablc, owing to great variation 
between districts with respect to the percentage of the area irrigated. 

In the following tibles usually two different areas are given 
under the heading "Tributary area". "Total areatt means all land tributary 
to the drain from the standpoint of surface topcgrephy and which is below 


the highest canal or lateral. This area my or may not include the entire 


watershed and it may include rough or very sandy land which is not irrigable. 


Total arens are given to indicate the extent of unirrigsted land, and 
because in some cases figures on the aren of irrigated land were not avail- 
able. “Irrigated area" means that part of the total aren to which irri- 


gation water is applied. The irrigated area has been used as the basis for 
os I ae 


unit discharge or run-off. This basis like all gies has serious faults; 
it assumes that the underground water surface conforms, at least in extent, 
to the ground surface, and that the entire irrigated area contributes or 
helps to contribute water to the drainage system. It disregards any under- 
eround inflow to the area from higher unirrigated lands, if such exists. 

It does not show the difference in unit yield that may exist as between an 
area where all of the irrigated land is in one body and another where it 
is more or less scattered over the total area. However, this basis will 
give results that are more nearly comparable than those derived from any 
other basis, when data from a great variety of drainage systems are 
considered. 

Some data are included for districts on which the drainage system, 
at least in part, consists of a large number of deep wells from which water 
is pumped. It is far more difficult to estimate, even roughly, the area 
which is tributary to the drains of such projects than is the case for 
those which have only gravity drains. 

Table 3 gives the total annual yield from a large number of dis- 
tricts, and the monthly yield expressed as a percentage of the total. 

The quantity of water delivered, the quantity diverted, the precipitation, 
and the annual yield are all expressed in acre-feet per acre of irrigated 
area. The total yield is shown as a percentage of the water ‘vincesmtor 
plus the precipitation. This basis takes into consideration losses lrom 
canals and laterals on the total area, and precipitation on irrigated area 
only. Here again different poapinn bare have used varying methods. 

Some have considered only irrigation witer delivered to ths land, some 
have disregarded precipitation, while others have included precipitation 
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on the entire tributary aren. tiie first-mentioned method does not give 
consistent results, becnuse in about one-third of the enses for which data 
are available the total annual yield exceeds the quantity of irrigation 
water delivered to the land. | 

The effect of precipitation on drainage flow varies with several 
factors and on many projects its influence must be rather slight when 
compared with that due to losses from irrigation. On . few projects 
precipitation during the growing season is of some importance, ‘and on 
others the precipitation affects the flow during the later winter and 
early spring, especially where snow melts rapidly. Some projects have 
large unirrignted tributary areas above the highest canals,. and while the 
precipitation may be low the hedtonn es abut in acro-feet per year is 
very large; but if this be included in water applied when expressing 
drainage yield as a percentage, the result is likely to be a very low figure 
compared with that for a district that has very little unirrigated land 
but that is-otherwise similer. A rain is likely to hawe a greater effect 
on the flow of drains when it occurs stkicreeveavetey with irrigation than 
at other times, and generally the Be etn precipitation on the water 
table will be grenter on those areas where the water stands near the surface 
of the ground than on those vhere depth to water is considerable. For tHese 
reasons precipitation on unirrigated land has been disregarded in preparing 
the tables. In a very few cases presented it probably would have. been well 
to consider precipitation on the total area, but in the interest of 
uniformity the same basis has been used throughout. 

Direct waste from irrigation systems was not included in figures 
giving the quantity of irrigation water diverted to an area, except where 


its exclusion ms impracticable. Where drainage water was used within the 


project, the amount was included both in the water diverted and in the 
drainage yield. 

Some open drains receive direct waste from canals and laterals. 

An effort has been made to exclude data for drains which receive large 
amounts of such waste. In other cases where the records were available 
the direct waste was deducted from the discharge figures. 

Practically all open drains receive surface waste from farms, and 
this item is included in the figures presented. Many underdrains also 
receive farm waste; in fact, most of the data on underdrains include such 
waste, those for Utah being notable exceptions. Since the crre of both 
seepage inflow and farm waste is required of all open drains and of many 
underdrainage systems, consideration of it seems to be necessary when pre- 
senting information for purposes of design. 

Table 4 presents data on maximum rates of yield for a large number 
of drains. In many cases both the maximum recorded discharge and the 
maximum monthly rate of discharge are given.: Detailed figures were not 
always available to show both, and lack of this,in many crses has made it 
necessary to use & calendar month instead of the highest 30-day period. 
In analyzing the data more attention has been given to maximum monthly 
rates of discharge than to the highest recorded discharge. The former is 
apt to be the more accurate and its use leads to results which are more 
nearly comparable. However, data on both are given wherever possible, 
and Table 2 shows for average conditions the allovmnce that must be made 


in order to care for maximum daily discharge. 


EFFECT OF VARIOUS FACTORS ON DRAINAGE YIELD 

The factors that influence the yield of drainnge systems are 
numerous and varied, ag ten are interrelated. In some cases when 
comparison of two aetna systems is attempted the variatior in the 
effect of one factor may be SO great that the effect of others is ob- 
wares Field investigations are seldom if ever sufficiently compre- 
hensive to make possible, with any degree of precision, determination 
of the effect of a single factor, since the combined influence of the 
others is never identical in any two areas that may be considered. 
This of necessity sient see the use of general terms and expressions in 
a discussion of the subject. 

| On irrigated lands most of the waiter reaching the drains is 
the irrigation water. The nature of the soil and of the formation im- 
mediately below it is one of the factors determining the quantity of 
water which must be diverted to a project. It is also one of the princi- 
pal factors influencing the rate of movement of ground woter and the 
discharge of drains, and costars Ep the drainnge yields are otaseteied 
according to the geneval characteristics of the formation, particularly 
those of the subsoil. 
Subsoil and Soil 

The velocity st which water moves through a column of soil is 
said to be directly proportional to the difference in pressure at the 
ends of the column, ane OM proportional to the lengta of column. 
In a general way, the variation in velocity of flow through a homogencous 
soil toward a drain is indicated by the slope of the water table. Other 
things being equal the velocity varices with the permeability of the 
formation. Clay has: greater porosity than coarse sand, but the intter 
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has greater permeability and sipete dase less resistance to the movement 
of water. When water is applied to the surface of a sand formation the 
percolation losses are likély to be large, but such a:‘formation has the 
capacity for transmitting water toward a drain at a rapid rate. 

Aside from the fact that other influences affecting the quantity 
of water that reaches a drainage system are always present, it is diffi- 
cult to classify discharge data according to the ‘characteristics of the 
formations. Conditions are never uniform along a drain of any consider- 
able length, and it is necessary that the classification be based upon 
predominating characteristics. Moreover, the discharge is influenced not 
only by fin character of the formation along the drain but also by that 
of the entire area it serves, which may vary widely. Information avail- 
able at present makes necessary the use of a small number of classifica- 
tions; as a result there is room for a wide variation in degree of 
permeability within a single class. Gravel formations vary greatly; 
some are cemented, while others contain a mixture of well graded finer 
material which causes compactness, and if a large proportion of clay is 
present the degree of permeability may be quite low. Clay may contain 
many checks and cracks through which the water moves freely, and joint-- 
clay formations permit the passage of water with a facility almost 
equal to that of sand. Because of jointing and crevices, some rock 
formations, such as lava and shale, carry water much more freely than 
otherse 

Data are presented in Table 5 which indicate the rate of move- 
ment of secpage water into open drains. These measurements were made 


on the Pioneer and Nampa-Meridian District, Idaho, in June, 1917, and 
~ 10 = 


in fH oth tb of cases they fo xdt represent maximum flov. All the 
drains SOS Fas and the average wetted perimeter, or wet area through 
thich the water was seeping, wags determined for each section. The width 
of section varied from 8 to 14 ‘fect. Some of the. gravel and sand form- 
iat des in this district are quite compact and show a very low discharge 
ay finéar tile of drain. The table shows considerable variation with- 
in cach classification. 


Table 5.- Seeprge inflow into open drains on the Pioneer 
; and Nampa-Meridian District, Idaho 
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> Sections 
3__ measured Dae. Secpage inflow ‘ 
Soil : ' :Per square foot of :Per mile 
. tNumber:Toteal :wetted area, an. prea: of 
a slongth: 1 Low Average : High sdrain 
a a a ‘Milos :Gu.eft. :Gu. ft.:Cu. ft. :Sac. Pts 
Coarse sand, with clay oy : : aes. : : ; 
at intervals ay : aoe £ eG, £ eke 3 5.7 = ee 
Coarse sand tes 2 Aah st .0s9 3, 209 3 5.6 : See 
Gravel and sand, fairly : : : : : : 
compact GE We Sie igh 0 SBN ths be Paqtatct® Boston tlm 
Gravel and sand, quite : : : : : 
compact _ i Ow ee eien se tee £ O68 : hap 0.8 
Gravel, open formation : |. : : : : 
jin area below resorvoir 1 : 1.3: . stage gho Os 2 edited 





Wherever possible, drains are so locxted that they will reach 
into the more pervious formtions, snd while the velocity of flow depends 
upon the characteristics of this stratum, other formations either above 
or Slow Mit any tend to reduce the supply. Where the soil is heavy to 
some depth, or where clay or other dense formations exist at intermediate 
depths, the percolation from irrigation will ‘be much less than where soil 
conditions are otherwise; consequently the drainage system will receive 
less watere The formations below grade depths have considerable influence 
because of the amount of neural, drainage they provide. In some cases 
pervious formations exist below grade depths which become contracted or 
are taxed pevore ae ee arene the lower’ end of the district, and 
this causes & pressure condition necessitating the use of relief wells. 
Drains may be situated in a ‘stratum of sand or gravel that is quite thin 
and underleid as well as overlaid with i Shaabiia impervious mterial, so 
that the cross section through which the greater part of the water moves 
toward the drain is reduced. Again, the permeable formation may have 
considerable ‘thickness at the Loca thon of the drain and vot be of limited 
extent laterally.’ 

Table x shows average results with eek to total annual yield 
and its relation to water psa bac for the three main groups of san 
soils. The data ee to te sub ject did not permit further divisions, 
since frequently information was not available on the separate portions 
of a project and it was necessary to classify them in a very general way 
according to the predominating formation. Some of the districts con- 
sidered as belonging to group 1 contain considerable soil less permeable 
than is indicated, and many of those in group 3 had a large amount of 
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sendy auheotLs’” whanwee; ha cent shee clearly that the total 

annual yield and ee Uh der eee applied increase with the permeability. 
For groups 1, 2 and 3 the hia semniel yields were respectively 2.86, 
2.39, aad 1.28 acre-tect per acre, and the annual yields in per cent of 
total water applica were 42, Oy Bo. i and 26.2 per cent, respectively. 

Th aenpeisn tes ist n results on mximum rates of yield it was 
wobtbie te ‘aavige tHe Mints neath groups of subsoils into ehushed The 
Hee wives in Table 2 Lnew That these yields increase with the perme- 
shitty wt the Pornataon at gerade depths and also with that at inter- 
mediate depehds “The nda monthly rate of discharge, in second-feet 
per Bande’ mile of tributary irrigated une ranges from less than 1 
where the formations are very dense, to more than 10 for open gravel 
formations. In this table the average for each class is given and also 
the Limite for each as indicated by the columns "Low" and "High", ‘Th 
giving those limits, extreme and unusual cases were in most ins tanées 
not ional dered: however, the upper Limit given for class A, group 1, was 
the highest of any record available. For this class no cinta were avail- 
able which would permit the making of even a rough estimate of the trib- 
utary aréa, and the figures are given only in terms of second-feet per 
linear mile of drain, The figures for this class are extremely high, 
and while they are based on data more Heetedls than those for the other 
iss ot they represent the results of feasidonedes at thie outlets 
with 42.5 miles of drain, located i oun different States. 

| rt will be noted that the limits given for each class in Table 2 
show 2 wide range, and that in most cases the ‘iat limit of one class 
overlaps the lower limit of the next class. This in part is attribu- 


table to variations in formation, as explained above, but there are many 
mae ae 





other factors which cause the maximum yield to deviate widely from the 
average, and of these the quantity of water used is importante 
| | Water Applied 

Tn oho eats paragraphs it ws shown that drainage yield in- 
secu, 3 with the sige ne ibility of the Ee ee This is because water 
paeese throuwh gra avel more Pest owes through clay formations and, oving 
to eraa her percolation losses fran the former, the supply is greater. 
here percolation losses are large the diversion duty of water will be 
lowe As 4 very general statement it may rs said that the greater the 
total quantity of water applied pnt diverted plus precipitation) the 
greater will be REY Wont annual drainage yield. There are numerous 
exceptions to this rule and these are more likely to appear in the con- 
sideration of areas containing dense formations , small districts, and 
districts having a high duty of water. For districts characterized by 
gravel ircen ons it appears that the ratio of total annual yield to 
total water applied increases very rapidly after the latter begins to 
exceed 6 etre fim per acres 

Table 1 shows that the average total application for those areas 
belonging to group 1 is slightly less than that shovm for group 2, yet 
the drainage yield when expressed as acre-feet per acre, or as a@ per- 
centage of the water applied, is greater in the case of the first group. 
All of these Paanies are lower for group 3 than for the Otherse In. 
comparing these groups the effect of total water applied is obscured 
somewhat by the fact that a majvrity of the areas oe group 2 are in, the 


South where the irrigation season is longe However, this group included 
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some northern districts and,its weighted average shoved that 84 per 
cent of the total quantity of irrigation water ws, diverted during the 
period -April to October,: inclusive. It also happens that the irriga- 
tion systems of the :projects, considered in group 2 lose water much more 
heavily than the others. These. difficulties in making comparisons: were 
far greater when total: yield and its relation to water applied were 
under consigeration, than was the case when maximum rates of yield were 
compared. 

When total annual yield is expressed as a percentage of the total 
water applied the results may vary widely between districts in the same 
class, but still remain more or less constant from year to year in a 
single district, particularly in one where other conditions do not change 
materially. Even with considerable changes in total tributary irrigated 
area, total quantity. of water applied, and length of drainage system, 
the percentage may not change greatly. This tendency is illustrated in 
Figure 1, which shows, for two or more years, the relation between the 
total:annual yield or run-off, and total: application, for each of 
several districts. 

. Referring to the figure, the tributary irrigated area on the 
Umatilla Project and the Umatilla Drainage District, Oregon; the 
Minidoka Project,:Idaho; and Sulphur Creek Wasteway, Yakima Project, 
Washington, did not change Greatly during, the period of record. On 
the. other projects the tributary irrigated,area increased during the 
period:of record. On Yakima County Drainage District No. .2, Washington, 
the tributary irrigated area in 1916 was about 6,200 acres; during the 

. period 1921-1924: it remained at about 10,320 acres, and for the period 


wine RS ie 


1925-1926 it was 11,000 acres. During the entire period the length of 

the drainage system did not increase materially. On the Wapato Project, 
Yakima Indian Reservation, Washington, the tributary irrigated area in- 
creased during the period of record from 35,870 to 73,290 acrese The 
length of the drainage system from 1913 to 1918 remained at 42 miles but 
by 1925 it had been increased to 115 miles. Notwithstanding these changes 
the percentages given in Figure 1 do not show wide variation. The | 
greatest variation eccurred in the Umatilla Drainage District where for 
the second year of record there was a very large decrease in the quantity 
of water applied from that of the first year. Where considerable changes 
occur in-duty of water from year to year it would be expected that the 
ratio of run-off to application would change somewhat, and in such cases 
average results for a series of years are needed to show the relationship. 

While the percentages given in Figure 1 do not show wide variation 
it should be remembered that many factors influence run-off and some 
changes in conditions such as, for example, a considerable increase in 
the depth of the drainage system, probably would alter the relation of 
run-off to application. 

Table 6 shows the relation of total yield to total tater applied, 
to total irrigation water diverted, and to total irrigation water 
delivered. The figures show that the more permeable the formation, the 
higher the percentage of yield. This table, as does Table 3, shows 
wide variations from averagese Districts having very permeable form- 
ations and a low duty of water may show a percentage much higher than 
the averagee For districts having clay or other demse formations, yield 
increases with the application but not necessarily in the same proportion. 
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While the figures for. this group do not warrant a definite conclusion, 
they. indicate a tendency-for.the ratio..of drainage yield to water 
applied to decrease slightly with increase in application. If this be 
true it may be due..in part. to the fact that evaporation is greatest when 
the duty of water is low. 

. Table 6.- Relation. of drainage yield to water applied 





‘Annual run-off in percent-:Annual :Run-off in percent- 
sage of total. water applied:run-off :age of irrigation 





Group :(Water diverted plus sin per- :water delivered. 
| :precipitation). scentage 3 
; :of irri-:For period 


High ‘sgation :April to : 
swater :October, :For year 
civerted :inclusive: ? 
Per cent:Per centPPer cent :Per cent 


Low. :Average 
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:Per cent:Per cent 
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All districts : s 30.9 : $565 9 ; 56.3 
All districts ex- : ; : : 
cluding those that: : : 2 ; : . 
pump’ from wells" nn 36.5 > 4164 : peevOee 
1. Gravel or. sand ? : ’ ; : ; : 
and gravel : 206c 426 ‘amte: ¢ S9g0 : “Oy ek : 69.4 
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The last column eh Table 6 meee thet reste fone yield is a 
high percentage of the quantity of tees ae water delivered to the ae 
As already net in miny districts the aeohate yield extects the water 
delivered. This would suggest that losses from irrifation systems are an 
important source of supply for the drainse Cases have been noted where 
the discharge of drains increased greatly soon after water was first . 


turned into the irrigation system and before any had been delivered to the 
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land. Table 7 shows average losses from irrigation systems for the 
different soil groups, and the average annual yield in acre-feet per 
acre. The average for all data considered shows that the annual drain- 
age yield is almost ‘identical with the irrigation system losses. In 
about half of the districts included in the tablé the former is less than 
the latter. In general, the greater the canal losses the greater will 
be the drainage yields although the.average for group 2 appears to be an 
beet to this statement; but the canal losses for this group are 
ie largée.. white the averages tats large number of districts tend to 
show that the drainage yield is about the same as the irrigation system 
losses, this does nét necessarily indicate that the élimination of these 
osed’ ‘would entirely remove the need for drainage systemse 


Table 7.- Average losses from irrigation systems compared 
with average annual drainage run-off 








me 


:Annual loss from : Annual drainage 
Group :irrigation systems run-off 
‘ :" sper acre?" ae ' Per acre 
: Aere-feet *  : Acre-reet 
A411 districts 1.94 4 1.84 
All districts excluding those:’ a baht 
mw hich..pump,. from welsh ston a3 ite ee - " BaeBO 
1. Gravel, sand and gravel : | 1.68 : £286 
2e Sand 4 3049 : Beod 
de Silt, clay and hardpan : 1.57 : 1.28 
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Table 8 shows the relation of maximum monthly yield to maximum 
monthly rate of application. In this table precipitation is not con- 
sidered. Fewer records were available on these maximum yields than on 
annual yields, but ‘on the-whole it is indicated that the rate of yield 
varies with the rate of application. Where the formations are very 
permeable, but few ae Likely to tte tee ieee occurrence of maxi- 
mum diversion, and that of maximum drainage discharge. ‘In other forma- 
tions the martmm yield my occur from’ one to two thonths later. 

ts No data were available for districts having extremely and uni- 
formly dense formations, but group 5 in Table .8 shows results for dis- 
tricts where the subsoil consists of clay and faa cout with the former 
predominating. The few figures available for this group showed but 
little variation with respect to water applied. Districts belonging to 
each of the other groups showed that drainage yield increased with the 
application. For Bea BSN at it ee that the ratio of maximum 
monthly yield to maximum monthly application increases quite rapidly 
after the latter begins to exceed 1 acre-foot per acre. This ratio is 
likely to exceed 40 per cent for districts that have very pervious form- 
ations and a very low duty of water. Districts having very compact 
gravel formations or gravel overlaid with a dense stratum, and which 
have a considerable tributary area remote from the drains, may show less 
than 20 per cents 

The total quantity of water applied and the rate of its applica- 
tion are very important factors to be considered in connection with 
annual and maximum yields of drains. With respect to maximum discharge, 


the wide variations ih limits for each class are to 2 considerable extent 
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‘Table 8.- Relation of maximum monthly run-off to maximum 
monthly diversion duty 





‘Total: Maximum monthly : Maximum monthly : Run-off, in per- 
Group sirriga-: diversion duty : run-off per acre :‘centage of water 

> ted. ; per acre of . 1 68 : diverted 

sarea of: :Aver-: : sAver-3 : sAver-: 

.tdis- Low :age :High : Low :age :High :Low :age : High 

stricts : : 4 ae : i a : 

con- : 24 SeparE TTS ; : 4 ; : 


‘sidered: ; : : : : 
¢ Acres :Acre-:Acre-:Acre-:;Acre-:Acre- :Acre- “Per :Per :Per 
; ‘feet :feet :feet :feet :feet :feet ecent :cent :cent 
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1. Gravel, sand 
and gravel:244,390: 0.91: 1.17: 1675: 0017: 0.40: 1.09 : 18.7: 34.2: 6262 


2e Sand :206,476: .72: 1.07: 1.68: .14: 28: .35 : 19.4: 2662: 55.7 
" : ; : ; : : o% : : 
Se Clay with : “ : “ : : ; 
some fine ‘ . : $ : ; - : 
sand POLLO 2 Mian eee eae AL st-5. 06a Kelle GSR OMeU.eeeeee 8 
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attributable to differences in duty of water and in canal losses. The 
characteristics of the crops, rites, and soil do not always determine 
| ee tary of tear. ie sete Pte iter a8 cheap and plentiful, and 
sihicre het is the case more veLae Me Dicey to be used than is necessary, 
with consequent large etriee vieldse 
While irrieation water is he primary source of supply of drain- 
age run-off, the Tale taatetdp hettadhl EP gine not very direct because 
the water mich reaches the drains mado: portion not taken by crops, 
Weporeticn, and natural drainage. These factors, especially the last 
one, may vary wit eters 
| "Natural Drainage 

The influence of natural drainage on the discharge of artificial 
systems is important and its extent is difficult to estimate. Natural 
drainage exists in some degree on the majority of projects. Often the 
natural underground inflow is also an important item to be considered. 

Some districts Reve large, dry, tributary areas above the highest 
land irrigated. Where the soil is fine-grained, the depth to water 
table great, and the precipitation low, it seems probable that the under- 
ground flow from such areas is a Berets ty unimportant factore Precipi- 
tation on such areas and on unirrigated areas within the district has 
been disregarded in the tables in this bulletin. ‘However, in the cases 
of the Carmel Drainage District, Colo., and the Umtilla Project, Orege, 
the difference between total qabae anclied and the total drainage yield 
hardly seems sufficient to conde tee This is especially true for 
the latter project, where it probably would have been preferable to 


consider precipitation on the entire watershed. 
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Artesian Bcd is present under some districts and is aan at 
one in part, as an irrigation supply. Where this is the case it is 


ee x 


possible that, to some | degree, rater ad sae through pee stratum 
overlying the resies supply, especially since 2 very frequently well, 
casings Leak badly. A odtacass mater is found in the Carmel Drainage 
District and in districts in the wiodnies of Roswell, New Mexico. 

Some projects are so situated as to receive seepage losses 
peat river Srnelh at eae during PURI I o8 fe year, and in such 
cases the underground inflow is Likely to be an ucrscve hen eae 
Examples of such projects are Palo Verde Tieipdote nied Yuma Pro Joan 
California and Arizona, Rio Grande Eke AE New Mexico and Texas; 
Lincoln oun Ly Drainage District Noe L5 Nebre; and Wapato Project, Was De 
Most of Rese stand tak in their i ahaha Classes with regard to 
maximum yield. | 

Table 9 shows differences botwoen water Bie) Spr and oe 
yield. for various groupe. “he average for pr apo ahs, considered 
indicates ‘the dif terenee | detreon total annual application and total 
annual ESI: to be a ee over 4 acre-feet per Boys: This amount 
seems to be somewhat larcen than a pee be required - for evaporation 
and use by Sgt ak and part of it ; probably represents natural drainage. 
In | event ‘Table l gives examples where ie airferenes exceeds 5 
acre-feet per acre by a considerable che and obviously the na tural 
drainage met be considerable in such CaASeSe | | 
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It has frequently been assumed that an area having a fair slope 
and underlaid with gravel or other permeable material will not require 
drainage. However, when such areas do require drainage - and many of ‘them 
do - the developed run-off is generally mich ap ne than ceoth thede projects 
which apparently had much lower matic’ drainage bee a The very factor 
which seems to be an insurance against the’ need ‘fee drainage may mike nec- 
essary the diversion and application of such liberal a oe of we ter 
for irrigation that the natural drainage capa city, even though large, 
becomes overtaxed to a ee as ae extent than is the ‘case on, a, project nadine ° 
a less permeable Pianeta and possibly a high duty of watere 

Table 9 shows shat. the difference between total water applied and 
total drainage yield is greater for erouy 2 than for ‘Bs pe Possibly 
one of the reasons lies in wonton See iand evaporation losses 
in group 2, as the ma jority of the districts of, that group are “in the South. 
Taking this into consideration it would appear ‘that ones average the’ 
natural aye incolwbee Mie ition Retort AUEE Hot Sie greatly’ However, 
wide variations occur within each SrOupe | 

Under certain’ conditions the effect of ‘naturel drainage fava a 
rate of maximum discharge which is high when Boroiked with the average 
annual discharge. Some drains go dry during the Hott-trrigs tion season © 
and the water table recedes below theme Some of the drains listed in 
Table 3 have very low flow or. no flow at all eee the winter months.» | 
On portions of the Wapato Pro ject, Wash drains that have very high dis- 
Charge during the height of the irrigation season are dry during the } 
winter, and in some cases the water table recédes to a considerable depth 


below the bottoms of the drains, which are relatively deep. 
a Bh e 


Some districts are charnecterized by ipproximitely horizontal 
strata which are more or less impervious and which outérop at intervals 
along the slopes; others bite’ rela atively pemmoat pe ‘tomations 0 on the 
whole, but are traversed by dykes of otal ns or “rock hich retard | or 
prevent natural drainage. ‘The > Utila Projoct, rahe shows a ee p+ 
difference between tate water - applic’ and toted drainage violas - a fact 
that seems to asddeontieh that ma eens of ‘pa tieed, drainage is quite ye small. 
The main cages systom on “tide project ie in ery. permeable formation, 
particularly at a“ iemen end, but the extreme Lower end of the min drain 
cuts deeply through a rock ridge or 2 dub. Both dee annual and the maximum 
rates of yield are very high from this Siete 

When all irrigation projects are consi dered it is obvious that, 
all other things being equal, the quontity of wa ter ei aoe removal by 
artificial means varies inversely with the aondunnt of ated dra phe 
and some irrigation enaieute and portions of all do not ee artificial 
drainage. However, considering only those irrigation gre tacte for which 
drainage systems have been required, it is genorally found that those which 
apparently have large sieve drainage capacity hie soahet large quanti-~ 
ties of irrigation water, and thai “hot sa tia yield has beem corres- 
pondingly high. ap 

‘To some cxtent, the a ea aciets hd cine ia ~~ average figures for 
mximum discharge given in Table 2 are ee pe Inck of natural drain- 
age. The effect of this factor on required capacity of drainage systems 
must be considerod yr aenenni with eRiene ee as use of vater, 
character of formation, and topography. | 
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“Toposraphy 

Variations on ‘topography. may affect, or even cntirely sontrels 
the lo¢ations ¢ of drains, and ay atans ‘so affected i eonehe tie have run- 
off Mharncten aries differing hes tose on “flat lands. Assuming that the 
difference Teuvece Sota ee applied a total drainage tele is an in- 
dex, those projects fogt ears ys eraetaat divrarences: in. ToleeA tion within 
“their boundaries news the ‘greatest neeront of natural eerie as would 
be expected. However, this does not neGeseeed ta sere Taek ie yield from 
‘artificial drainage systems will be oes Steep slopes over a sui table 
formation may permit sitcep aise of the mater table without damage to 
the land, and the natural drainage will be good particularly if the area 
slopes in one eeneral direction and a, Fe on system has 
several outlets widely spaced.” On the it Ae hand, a aat slopes On ea 
“upper rtd of yi ‘project may serve ftp a poueenare te the excess 
water BA The loner ae ieee portient This tS also the case where the 
‘affected area is in a narrow valley or draw, or where a drainage system 
is required in a valley which converges to a rather narrow outlet. 

"Wien tion has already been imdo of projects so situated that the 
natural underground flow into “them is large: ‘and 4 Long, narrow,area such 
as the Rio Grande Project which receives inflow from a river will receive 
more in proportion to its area Te rill one more bornaate such al | project 
| may have a great length of main irrigation canals for a unit ‘of area, 


and great aepaes losses; and the aeeiie must oolbresenetg he be Loaated close 


to some of them. 
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Characteristics of topography my affect the duty of water and 


the quantity of surface waste from farms. 


Surface Waste from Farris 
| ‘ r ad , sd g 3 } 


Most of the discharge data presented include farm-.waste. Some 


figures on the amount of this waste are presented in Tables 10 and ll. 
The amount of waste varies widely and is apt to be quite large during 
the early part of the irrigation scason. “On Yakima ‘County Drainage 


thet surface waste ig 


+ 


District No. 2, Washington it has been observed 


less during the height of the irrigation season than at- other times. | 
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As a general rule it appears that open drains receive more farm 
waste per unit of area than underdrains. With respect to max imum rates 
of discharge, and particularly to the maximum daily rate, surface vaste 
‘is likely to comprise a greater percentage of the total in drains in tight 
eogniGioumada wdetyiid’ amc aiend’ riova) ‘than in those in pervious 
formations and carrying lerge seepage flows. _ 

Table 2 gives maximum daily discharges in percentages of the maximum 
monthly rates. It will be noted that the averages for sand and gravel show 
a BLE AE percentage where the formation at irae depths is clay or 
other dense ae veer. tan O age iai ae is’ ir tact casee This may be attrib- 
: utable-to differences in. the amount: of ‘surface. -waste.. The everiees are 
not Stir eds group 3, but the variations are shown to be quite large par- 
| ticularly Om CESS a oi ial ci whi ch includes tight formations. For 
group Og the daily maximum discharge in year | of the maximum monthly 

Wate is quite low for undemivaina and frequently’ very high for open drains. 
ae When the maximum daily discharge is tigtl-as compared with the maximum 
sh ey ie it is usually the Bemint Of a large inevedse! in farm Wastes 
ciiniduiha averages, of 11 outlets with 116 miles of haan 012 in. gravel 
showed’ the’ 'maxintum’ aaity arathurge ‘and ' “the nunca aeaay rate to be 
116.4 and 110.4 per cent, BORD RO TAPE of the pecximun monthly rate of 
discharge. . ' ’ 
Low delivery duty of rater and steep slopes tend to gause large 
“amowtts of surface waste which, vary Aso with the kind of crops erown 


] 


and the methods of. applring reitor. 
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Crops and Methods of Applying Water 

his it were possible to "determine the eo and rate of deep perco- 
lation losses it would not be gins! aga Bs take into consideration either 
the ase 1 of mater applied or the kinds of crops grove rats percolation 
losses may be divided into two classes - “those occurring on the main irri~ 
gation Sesdlaig a those taking a after the water has been delivered to 
the aye Pa iain data are spat 3 on former, but the pe 
must be ae ee It has been pointed out that average figures for a large 
number of Aaaintabe seem to show that losses bie tna irrigation ayetate 
constitute the more important contribution to drainage yield. However, wide 
variations from one an occur, and in ine case the total annual yield 
exceeds the irrigation system losses be about 5 acre-feet per acre. In such 
cases deep Seeder daw deen on the land are the ach chagteele “aeeaeme 

Different crops require different quantities of water and this fact 
heeds to be considered in connection with delivery duty of water. Other 
things being equal, low duty results in large percolation losses. Rice 
requires much more water than other crops but no projects are listed herein 
on which rice 25 grom to any great extent. Of the more common crops 
alfalfa meee to stn aati in the use of water; it requires much water 
throughout the season unless gromm for seed. Alfalfa seed is produced to a 
considerable Sashend on the senda Bi aket cts in Millard County, Utah. 
crain requires less water than alfalfa hay and the peeked of gee is shorter. 
ties beets are an important erop on BRV ere, nancial they require late 
irrigation. | On five of the large lis Listed, Batson is the principal 
crop, with aTipadee gsuaiin next in importance. On nost of the others alfalfa 
is the Sagieas ag erop and with but fou exceptions grain is the next in 


importance. 
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The care used 2 Lovelling the land, methods of tilling, and — 
systems of crop rotation used have some effect on the use of water. The 
aoe or corrugation method of irrigation 7 apt to result in both 
greater A tite losses and greater surface waste than most other 
methodse Greater care in applying water is usually exercised where the 
rotation system of delivery is practiced, and where large portions of a 
project alternate € the application, the required capacity per unit of 
area needs to be greater for branch and lateral drains than that for 
the main fice 

, The use of water is influenced not only by the kind of crops 
grow but also by many othor factors, an important one bcing climate. 
Other things being equal, the actual use of water will —— with the 
ot | 

Climtic Conditions 

The yield of drains is influcnced to some degree by eae con- 
ditions eee because of resulting differences in use of water and length 
of irrigation season. Variations in temperature and barometric pressure 
affect the rate of flow of groundwater into drains, but the effect of 
these is rather small and is not taken into consideration in the design 
of a drainage system. Continuous records on Yakima County Drainage 
Districts Nose 2 and 25, Washington showed very marked diurnal fluctu- 
ations in flow, the greatest discharges occurring in the early morninge 
Since these variations occurred only during the irrigation season they 
probably were the result of fluctuations in farm waste. However, data 
on these districts showed that a considerable rise occurred in the water 
table during the fall and early winter of one year, while at the same 
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time the flow was decreasing, This might have been due to the effect 
of temperature on the rate of movement. 

In nearly one-third of the cases given in Table 3 the monthly 
yield shows a Sa decrease in midsumier, This may be attributable in 
part to fluctuation in farm waste, put more likely it is caused by a 
higher me oF transpiration and evaporation at that season. 

Precipitation varies from very ce on districts depending entirely 
on irrigation Wao ee Te ene high ‘on those which merely use irri-~ 
gation water to supplement the natural supply. | On the majority of the 
east listed, precipitation is not regarded as an important factor 
in crop pee 8" ba ‘Sent? 48 most apparent effect of precipitation 
is that caused by rapid melting of snow, which usually occurs in Febru- 
ary or Marche Instances have been noted where apparently, rains during 
the summer temporarily increased the drainage flow somewhat out of pro- 
portion to the precipitation. Probably this was due in part to marked 
decreases in transpiration and evaporation during several days of cool, 
cloudy weather. However, a heavy rain occurring shortly after the appli- 
cation of irrigation water or when the water table is high, will have a 
marked effect on the drainage discharge, and consideration should be 
given to this probability when designing 2 system for an area subject to 
he-vy summer rainse Precipitation on Lincoln County Drainage District 
No. 1, Nebraska, is occasionally greater in one month than the annual 
precipitation on some of the projects.. Although none such is listed here- 
in there are irrigation projects that occasionally receive such heavy 
precipitation that it becomes the principal factor to be considered in 


designing the drainage systemse 


The effect of length of irrigation season on drainage yield is 
not clearly demonstrated by the data available, but it is likely that 
a project having a short season and a low duty of water will have a 
monthly maximum yield which is a very high percentage of the total annual 
yield. For-the listed projects having short seasons the duty appears to 
be comparatively high, and regardless of the relation of the mximum 
rate to the annual rate of yield, the mximum rates.of discharge per 
square mile were not high; in fact, they were rather below average. In 
Table 2 the average maximum monthly yield in percentage.of the total 
yield is less for group 2 than for groups l ox 3. This no doubt is 
because many of the districts considered in group 2 have a very long 
irrigation seasons 

Type of Drain 

Average figures show that open drains have a greater discharge per 
unit of length than underdrains, but this is due to the wider spacing and 
greater depth of the former, and to the fact that underdrains generally 
receive less farm waste. Exceptions to the average figures occur, as in 
the case of the Yakima City West Side Drain, Washington, an underdrain 
which receives no surface waste at all but which shows the next to the 
highest discharge per linear mile.e However, this drain is very deep, is 
im very open formation, and holes were provided in the bottom of the -pipe 
for the entrance of the water. 

Since most underdrains receive seepage inflow only through the 
joints of the pipe, the cross-sectional area through which the water 


passes at entry must be very much less than is the case with open drains. 
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In tight formations, at least, this is likely to reduce the inflow and to 
require relatively close spacing of underdrains, unless the joints of the 
latter are surrounded with pervious material, Where underdrains ore 
properly constructed the spacing requirements and the yield per unit of 
length are probably not very different from those of open drains if the 
‘depths are the same. In tight formitions the water table will have a 
very steep slope immediately adjacent to either type of drain, at least 
during the height of the irrigation season. If underdrains are improperly 
constructed, the mterial eround the joints my become puddled and thus 
offer such resistance to flow that little or ho.lowering of the water 
table occurs and the drainage yield per unit of length is very low. How- 
ever, the banks and bottoms of open drains in fine mterials occasionally 
become puddled to same extente 

The” data on underdrains occasionally show 2 comparatively, low rate 
of maximum yield because their capacity is overtaxed. This is partic - 
ularly true of underdrains in gravel. 

An intercepting drain that reaches through a permeable formation 
to one that is rather impermeable to a considerable depth, is likely to 
develop somewhat greater flow per unit of area and length than is a 
relief drain similarly situated. 

Depth of Drains . 

Drains are usually installed on irrigated lands for the. purposes 
of reducing the fluctuations of the water table and preventing, so far as 
possible, its rise above a definite level in the soil and subsoil. If 
these objects are accomplished on a project where the natural underground 
inflow and outflow are negligible factors, an increase in depth of the 
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system would not increase the annual yield. In fact, because of greater 
reservoir capacity in such sail, the maximum rate of yield in a fine- 
erained soil might even be reduced very slightly. This effect would be 
more probable for small areas on which the rate of application of irri- 
gation water is not uniforme 

On several of the listed districts which have permeable formations, 
subirrigation is practiced to the extent that an effort is mde to have 
the open subsoil well filled by the time the irrigation seeatn ales at its 
height. If this be done, it is obvious that the deeper drains will yield 
at a higher maximum rate. | 

_ Many projects have a considerable amount of underground inflow or 
outflow, or both, and an increase in depth is very likely to result in 
both greater annual and greater maximum yields because the deeper system 
will receive or intercept a larger amount of the natural flows»,This is 
clearly evident in cases where, during the non-irrigation season, the 
water table recedes to some distance below the bottom of the drains. 
Moreover, if the system is quite shallow evaporation may take a greater 
proportion of the water than in case the yvater table is held well 
below the ground surface. 

The system of Yakima County Drainage District No. 7, Washington, 
originally had an average depth of 6 or 7 feete The subsoil was generally 
quite sandy, although the lower end of the system was in a retreteh ey 
formation. This system was later given an average depth of over 11 feet, 
with the result that the total annual yield was increased by about 120 
per cent and the maximum rate of yield by over 160 fer cent. Part of 
these very large increases was without doubt a reflection of the degnnase 


in both evaporation losses and amount of natural drainage yield. 
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A discussion of the effect of depth on yield assumes that the 
formation remains unchanged. It is evident that in the case of a drain 
at the bottom of a4 permeable formation underlaid with. a very dense 
material, the discharge, would not be materially increased if the drain 
were given a greater depth; in fact, the discharge might even be 
decreased if ‘improper backfilling were used. In gravel and sand form- 
ations a considerable increase in depth is likely to result in an 
appreciably increased yield. The effect of depth on yield is closely 
related to that of spacing. 

Spacing 

Table 2 gives the average miles of drain per square mile of irri- 
gated area for each subsoil group, but individual districts show wide 
variations from the averegese. These figures do not represent the 
actual spacing of drains, since in many districts the affected area 
develops only on a part of the total area, The table reports 1.1 miles 
of drain per square mile of irrigated area for class B of group 1, which 
is a fair indication of the actual: spacing for permeable formations. 
For tighter formations, as notably those in Group 3, the average distance 
between drains is generally much less than that indicated by the figures 
given in the table. For class B, group 3, the average distance between 
drains is about 1/8 mile, and in some cases it is much less. 

Spacing affects the discharge per unit of length, but it does not 
influence the annual yield per unit of. area except insofar as natural 


drainage is affected. These are likely to be smll. 
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On many projects the locations of ats drains es upon 
topography cee there is Little OTTO relation fate veen spacing and depth. 
On flat a where drains are spaced uniformly, the ettect of distance 
on maximum rate of ee depends on the po °ouney of the system and 
upon the rate of application 4 irrigntion water. On large areas where 
the rate of increase of application is eras wn nnimenn, and where 
the drainage systems are adequate, two spel that are similar except 
for spacing will not show pugs ai geerente in mex imum hats per unit of 
ean However, in the case ‘of small areas, such as single farms or 
any other areas where rotation is miondi ced, the sudden application of 
large SATA ABE of water usually results in a enge van maximum yield 
from the ayanen inci the closer Spacing e This difference in vies, 
is more noticeable in tho maximum daily ee bes maximum 7-day rate 
than in the maximum re rite of discharec. If the _applicc tion is 
such vee the water table is brought to the ground “atta Noe the moxi- 
mum rate of yield from 4 closely spaced system will be much greater 
than that from one with wide spacing. 

P of Area aa 

It has already eee pointed out that the “poke of application of 
water on small areas is likely to be far less eatiocr ‘than that on a 
large Actunaee Continuous records of Fie hin on 1 the various por- 
tions of a drainage pete almost invariably ‘show that oa maximum 
discharges do not all occur on the same date, and the oP Cy aoa 
for variation in time increases seth the size of the ne oe though 
the unit rates of maximum ree are ere on the ener branches 
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of a system, differences in time of occurrence result in a reduced unit 
rate of maximum discharge at the outlete Variation in the rate of natural 
drainage is apt to be greater in a small district than in a ane one, 

and the drains may be nearer to the main part of the irrigation system. 

- Such variations tend to make the maximum discharge per unit of area some- 
what less on a large area than on a small one. Except in this initio 
manner, size of area has no effect on yield per unit of area. 

In connection with this subject consideration should be given to 
variations in unit rates of discharge that may occur within a district. 
Conditions may be such that these rates vary widely. As a general rule 
the unit rate of maximum discharge at the outlet of a rede Aven is 
less than that of some of its laterals and more than that of others. 

On the Umatilla Project, Oregon, the lower mile of the system appears 
to develop nearly half of the. maximum monthly yield. In this case the 
maximum unit rate of discharge at the outlet must be greater than that 
of any of the component parts of. the meres _ Excepting one a its main 
‘branches, the outlet of Sulphur Creek Wasteway, Washington, eae a 
smaller maximum discharge per unit of area, for total irrigated area 
above the outlet, than any other drain. 

.In, Yakima County Drainage District No. 2, Washington, the forma- 
tion along the main drain, which is nearly 7 miles in length, appears 
to be fairly uniform and consists of a hard clay with thin strata and 
lenses of fine sand. The lateral system contains about 21 miles of 
‘drains serving narrow valleys or draws all of which are on one side of 
the main valley. Measurements made at numerous points showed in most 
cases that the unit retes of discharge per square mile of area and per 
.. linear mile of drain, for the areas and parts of the system above the 
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respective points of Oe OS ae e the measurements proceeded 
up stream. The inflow to the lower mile of arate was very much greater 
than that to the upper mile, and the decrease - was fairly uniform as the 
measurements proceeded up neti This was true not only of measurements 
made on the same day, but also of the ft iim distharees for each section. 

These SaenElee serve to ae that under some conditions of topog- 
raphy and underground formation the a dpee part of a drainage system may 
receive a much greater inflow per mile of drain than the upper parts. 
There are also examples where the opposite is true because of better 
natural drainage hs ce lower part of the district, or because the upper 
Parte of the esas system are situated to receive 4 large portion of 
the eon Bis from the main irrigation system. 

| Location and Extent of Affected Area 

When nomoaene a great variety of districts with respect to drain- 
age yield, + the total tributary irrigated area yeens to be the best basis. 
However, ite location and extent of affected area with respect to the 
total area | should be taken into Monettecatl Gus ‘The’ ‘upper parts of many 
districts are , not ot and wet 2 eet losses on these higher areas 
may not influence the flow of thd “deains so quickly ‘as do those on the 
lower rte directly my aa py ips drainage system. Moreover, in such 
cases au vee ct esa wt formation may be such that a considerable part 
of the mevores drainage does not move toward the main drainage system. 

) The Pioneer and Nampa-Meridian District, Idaho, contains a large 
area of irrigated land which is higher than and tributary to the lower 
bath from the standpoint of surface topoer aphy, but which is rather 
remote from the drainage eyatons, Unit discharges from this district are 
below we average for its class, and for one division ‘are extremely low. 
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This division is a long valley which is nearly parallel with the Boise 
River, its upper end being much higher than the rivere It seems likely 
that some of the irrigation water escapes directly to the river and this 
probably is true, but to a lesser degree, on the lower part which is. 
served directly by the drainage system. 

Extent of Irrigated Area 

For all of the districts listed herein, the area irrigated 
averages about 74 per cent of the total area. The 2verage for those 
considered in group 3 was less. A district that contains unirrigyted 
land seattered throughout the total area is likely to show a lower rate 
of maximum discharge per unit of irrigated area than one in which © high 
percentage of its area is irrigated, if other influences remain equal. 
However, a district is apt to have a lower duty of water when only 
partially irrigated than after becoming more completely irrigated. 
Differences 4 extent of total area Ditented appear to have a greater 
effect on the maximum rate of yield then on the annual yield per unit 
of irrigated area. 

In one district for which a long series of records was available, 
the irrignted area was increased about 77 per cent during the period of 
record, most of this increase being along the upper boundarye The sub- 
soil of this district is not very permeable. During the period of record 
no additicns were made to the drainage system. The effect of this in- 
erease in irrigated aren was obscured to some extent by changes in other 
factors, but it appeared that the drainage yieldii. percentage of total 
water applied, and ae necter cond monthly yield per unit of irrigated area, 
remained about the enme The yicld per linear mile of drain increased 


materially. 
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In another district which has a very permeable formation the 
irrigated area doubled during the period of: record and the length one 
the drainage system, which was widely spaced, more than doubled. The- 
annual yield in percentage of total water. applied did not change 
materially. On the average, the maximum rate of. discharge per linear 
mile of drain remained about the same, but the maximum rate of dis- 
charge per square mile of irrigated area increased by a large amount. 

Miscellaneous Measurements 

Data on a considerable number of systems which were not included 

in Tables 3 and 4, are given in Table 12. The figures are the results 


of single or isolated measurements. 


GENERAL DESCRIPTION OF ae SYSTEMS 
Arizona 
“the dna satis Project te in sence Arizona. “ith the 
exception of ecectt abrupt rocky protrusions the land surface is 
regular. North of Salt River the Slopes vary Prom a ee feet to 20 


feet per mile. South of the river the area is flat. 
‘The soils are a ses chau yah and Loess; these  Bbseed 
water at 42 pega a) slow rate and hold it well. The top see is 
mderlaia by strata of clay and caliche which vary from thin tenes 
Oh thicknesses of 100 feet or more. In isons’ these strata are under- 
eid by extensive deposits of gravel and nowlaerals:; | 

In 1918 ie depth to apenas water was 10 feet or less on 65, 000 
es A system of drainage Bre re imeceiiens and quring che summer 
of 1925 mater was being BaepeG from about 110 wells which had an rnp ee 


depth of 225 feet and diameters varying from 12 to 24 inches. 
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The water is lifted about 35 feet. Spacing of the wells varies from 


one-half mile to one mile. 

Part of the water pumped is used for irrigation. Irrigation 
water is sometimes applied throughout the year, but the diversions are 
relatively snails. during the winter months. . The principal crops are 


cotton, alfalfa, grain, and fruit. 


California 

The Valley Division of the Yuma Project is in Southwestern Arizona. 
The Reservation Division is just across the Colorado River in California. 
The greater part of the project is flat river-bottom land with an’ average 
slope of 2 1/2 feet per mile. Levees are required to protect the low 
land from overflow during nigh water in the river. 

The principal soil is sandy loam, although in a few places heavy 
adobe soil Se ettie The subsoil is generally fine sand. 

Drains are generally of the relief type, and their locations are 
partly governed by topography. The drainage water is pumped into the 
river. The area estimated as protected in 1924 was 31,500 acres in 
the Valley Division, and 8,000 acres in the Reservation Division. 

Irrigation water is used throughout the year but the use is rela- 
tively small during the winter months. The principal crops are cotton 
and alfalfa. 

The Palo Verde Mistrict is on the California side of the 
Colorado River and includes the towns of Blythe and Ripley... The ‘land 
is flat though traversed by sloughs and with a general slope of about 
2 feet to the mile. It is protected from overflow by levees, and 
borrow pits serve as a part of the drainage system. The top soil con- 


a Ae we 


tains much silt, is rather impervious, and is underlaid by sand. 


Irrigation water is applied throughout the year. The principal 
crop is cotton. The year of record in table 3 begins with June.’ 

The Hee ov INSVEEA! GS ea Drainage Tract consists of 160 
acres located eight miles wee of Fresno. The underdrains are in silt 
and quicksand formation, above which is hardpan. 

The Baker Tract contains 20 acres. It is @ 1/2 miles south of 
Fresno. The underdrains are in silt and quicksand formation, above which 
is hardpan. | 

The Dore Tract contains 40 acres and is 7 23m aomiieren of 
Fresno. The formation is more or less similar to that of the —— Tract, 
but includes less hardpan. mt ax: 

The Modesto Irrigation District is in the gen joaquin Valley 
between the Stanislaus and Tuoluwmerivers. The eross area of the district 
is 81,183 acres, of which 76,240 is irrigable. In 1927 64,482 acres mie 
irrigated. The land surface is uneven ee a zeneral eee 5 1/2 
feet per mile. | | 

The predominating soils are sandy Loam and loam. Hardpan is quite 
prevalent in the subsoil, beneath which strata of sand bic, ene 

The district contains about 50 miles of drains, but - — 
years has turned to pumping from wells as a means of solving the drain- 
age problem. The year of record as given in Table 4 pegins with October. 
During the year the pumps were not operated in November, December and 
January. The data given for this district include the discharge of 456 
miles of drain. The total yield for the year was 39,107 acre-feot, of 
which 29,267 acre-feet was pumped. The pumped water is used for 


irrigation. The maximum monthly yield from the gravity drains was in 
a Me ee 


June and was 0. 61 cece foot per linear mile of drain. The average 
diameter of the wells is shightiy over 14 inches, the average depth 
100 feet, ya the Arnaee Lift about 24 feet. 

Te irish ai season ee in March and er in October. 

The principal crops are alfalfa, fired, beans, and ern 

The Merced ped ah Gia mrpeere Sims south of the Merced River 

in the San Joaquin eer, The gross area is 189,000 acres of which 
111,859 acres was irrigated in 1927. The area through which the 
ereater part of the drainage avails extends has sandy soil. The sub- 
soils vary and hardpan is found in places. atente of sand lie at 
various depths below the ws eich The lend is in general flat but 
uneven, with swales and potholes. ‘The spunea slope is from 5 to 7 
feet per mile. 

This district has an ethos te system of shallow open drains, 
but no records of their discharge non odadicthes ‘Bete presented in 
Tables 3 and 4 relate st to water pumped from wells. About BE wells 
were operated in 1927 and the water was used Bay an eee ae little 
being pumped Hea ere ae ecar: The wells have an average depth of 
125 feet and an average diameter of 18 incnes. The average Lite bola 
the ground surfade, is 32 feet. 

The irrigation season is hacia March 1 to dabehas 15. 

The Turlock Irrigation District is between Tuolumneand Merced 
rivers in the San Joaquin Valley. The principal soil is sandy loam. 


The subsoils contain sme hardpan. Below the subsoil strata of sand 


are found at various depths, The surface is flat though uneven. 


This RAS RAI contains about 73 miles of drains, but in recent 
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years has resorted to pumping from eh ge The dis scharge from the 

gravity drains is ine tued with that from the atte in the figures given 
in Tables # ace 46 ee 1927 the total yield was 116, 855 acre-feet of 
which 71, 205 acre- -feet Was pumped. The maximum renee of the eravity 
Spree which ocourred in august was lel aooond. i pe-t! per Ninear hile ‘of 
draine The acl water is used cate irrigation. About 69 pumps were 
rere ieail during the years The wells tare an average dente of 120 Teen, 

on ee diameter of 16 ones ae the avera ige Lift, below ground , 


surface, is. 3l Bats 

The ree tion mppeets begins in March ‘and ends in ‘October. The 
principal crops : are alfalfa, grain, beans, and fruit. 

| ealavado er ee a 

The Carmel pee District is 1] miles northwest of* Ia Jara 
in ties san Luis Valley. The dis strict og an elevation of over , 500 
feet. The avernge ain is 12 shat per mies The soil is sandy Loam 
ots sos clay loam. | The ‘subsoil is coarse 8° aD and alluvial gravel. 
Before the drathhes: system ms inst led only be 330 acres were in culti- 
vation. The drains are uniformly ahaa mile Sauk “The year of record 
in Table 3 Hie, eae with Detpners The irrig ation season for tue ‘year of 
record was abide 1 to Aucwat 16s Pans of the ante comes from 
arvesian wells pti the water is applied be wild flooding. The principal 
crops are alfa fa, field pens, potatoes ee grain. 


The Rio Grande ab ian Din eraot is “located about 9 miles north- 


sast of Monte Vista in ese San Duis Valley. ‘The or conditions are 


+ ; 
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more or less similar to those of the Carmel Drainage District . The 
drainage system was nét completed during the year for which discharge 
data aie niven Drains are spaced about one mile apart. 

“me Prewitt, Bijou, ‘Shtmachér and the Day and Smiley drainsiare, 
in the ehuthiPiswie® ni9es Valley. The subsdils are generally coarsé, sand. 
The drains are shallow and all are below reservoirs from which no doubt: 
they receive most of their water. “The upper end of the Prewitt Drain 
is close to a reservoir embankment.’ For’ these*drains the year of record 
given in Table 3 begins with October. 

Data are given for a farm hear Grand Junction and for two short 
drains at Canon City. The soil of all three is adobe but the drains 


reach into shale formation. ‘Most of the discharge comes from small 


relief wells spaced closely in the shale along the lines of the drains. 


Idaho 
Ada County Drainage District No. 2 extends along the Boise River, 

its greater part. being east of Middleton. The eppiurtis comprises 
31,000 acres 18,000 acres of which is low land. The soil is sandy loam 
underlaid ata depth of from 2 to 7 nunigee ye eravel and coarse river 
sand. The irrigation season begins in April and ends in September. 
The drainage discharge records are for the irrigation season onlye 

- Ada County Drainage District No. % extends along the ar ee River 
and includes a part of South Boise. It has a general slope of more than 
20 feet to the mile. The soil is sandy loam underlaid at a depth of 
from 3 to 4 feet with gravel and sand. Portions within the me limits 
are not well cultivated. The drainage system is not well maintained. 
The irrigation season begins in April and ends in September, me the 


drainage discharge records cover only that period. 
= Se 


Ada County Drainage District No. 4 is just west of Boise and 
south of the Boise River, The drainage district proper is river~bo ttom 
land, but, higher, .bench lands contribute water. The soil is sandy loam 
underlaid by gravel and sand. For some distance the drain closely 
parallels an irrigation canal. The drainage discharge records cover 
only the. irrigation period - April to September » 

“laine County Drainage District No.» 1 extends along Silver Creek 
and is adjacent to the town Picabo. It has a slope of from 8 to 10 
feet per mile and is traversed by sloughs. The prevailing soil is a 
dark loam and the subsoil AS geayel which in some places is cemented. 
Lava rock is near the surface in some places, particularly along a part 
of the lower boundary of the district. Seepage conditions are affected 
by underground flow from a portion of the Wood River Valley. 

Franklin County Drainage District No. 3 is near Banida. Data 
‘on a portion of the district show the soil to be clay and clay loam 
underlaid at a depth of a few feet by a little sand beneath which is 
clay. The main crop is wheat. The irrigation supply is limited and 
only a very small quantity of water is used. The drainage yield is 
very low; in fact, per linear mile of drain, it is the lowest of any 
presented. 

Canyon Colney Drainage District No. 1 extends along the Payette 
River about 10 miles below Emmett. “It is largely river bottom land 
broken by small depressions. Two large canals are located along the 
bluffs which border one side of the district. The prevailing soil is 
silty loam. About 75 per cent of the drainage system reaches into 
gravel; the remainder is in‘clay and sandy loam. ‘The district is not 


arr: ee 


well cultivated but is supplied with an abundance of irrigation water. 

Canyon County Drainage District No, 2 is about 2 miles from 
Payette. For the most part it consists of bottom land along the Snake 
“River. The subsoil is ‘sand and gravel. Discharge data are available 
for only a part of the system. 

The Minidoka Project (North Side Gravity Unit) extends along the 
Snake River and includes the towns of Heyburn and Rupert. the land is 
flat with irregular slopes, the average general slope being about 1 foot 
per mile. 

The soils are sandy loam, fine sandy locm, and sande The 
subsoils vary from medium to coarse sand, and grevel is found in a few 
placese 

The irrigation season begins in April and ends in October. The 
water from Drain D-12 is pumped and used for irrigation. The duty of 


water Wages the penne varies Ry ‘The Daite tPA crops are 


alfalfa, grain, sugnr boots, and potntoss. 
Payette county Drainage ‘Senet No. LE extends Pane the ago 


River near Payetto. It adjoins Canyon county Drainage District No. AP 
torte wl eben he 


The Bett is sandy shoe and. the alten: is sand and ary 
“The Pioneer and 1 Nampa-Hersdien District is atk ope paige pele 


HS 


sae includes ‘the towns of caldwell and Nenpas 1 me | area “consists of 


‘wo “benches - 7- = the Boise | River - Bench awa the Second ‘Bench, the latter 
Komp nue ine 36 ayn dent of the ‘total inicio Et oe is sae avis and | 
‘lave rock is pete in: id BEROPE a few. Leahy below the guns sur- 
face. A stratum of sand iene gravel is - encountered at “dopths rare, ope 
. eee as ear: “patie Ais aves of eitn Hardpan is seicaterrndlts 

LACES » eagoe 
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2 Except for the natural ee anocEnNeNeR the drainage system does 
not extend into the Second Bench. ‘The aetbrad: slope of the Boise Bench 
16 Hoon 10 to 12 feet per mile. Deep drains, have been constructed in 
the natural Nenuniinans channels except the main channel. of Indian Creek: . 
which serves as a drain without mbtera yi The drains are, of poe au 
relief Erpe and topography governs their Aaensione Occasionally ‘during 
the winter months ‘the drains ‘carry some flood waters which come down» 
from the vial ia ehannels. “This is particularly, true of Five Mile and | 
Indian creeks. 

The rotted along the West End Drain consists chiefly of coarse 
sand with ahaves at the upper ende Along the Dixie Drain it is coarse . 
washed sand with a stratum of clay and fine sand, the. former predominat- 
inge Séiis gravel okbseet 

The area served by the Wilson System is separated from the Deer 
Flat Reservoir by a ridge, except for that portion served by the Upper 
Embankment Drain, which is located near the reservoir, ‘The’ formation 
conte of coarse washed sand underlying the top soil at a depth of a 
few caet, or ines wreine clay soil at a somewhat greater d depth. Gravel 
and sand are é ipedeenee along the upper part of the Upper Embankment 
Drain. There is not much hardpan, but lava ‘ania inmineu the surface 
ae two miles of the Sia peas | 

Much lava rock is in the area itt otk by Indian Creek. The water- 

bearing suet is a coarse granite sand along the natural channel but 
in many places the channel does nct reach into ite The drains tributary 


to Indian Greek.are in coarse washed sand, or in clay and fine sand. 
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The Mason Creek System reaches into gravel and sand which are 


under the top soil at a depth of a fow feet. The gravel and sand are 


vaunted and compact. thenents little or no hardpan. 

The Five Mile Creek Sy bc reaches into extensive strata‘ of eravel 
andiand raids fis Wed eokadlens wind very compact. Hardpan is found in some 
places.’ | foe eo oh 

The irrigation season begins in April and ends in October. The 
eRtiaeL ion is alfalfa. 

The Tucker nraetis o 40-acre farm near ete The top soil is 
a Llieht sandy veeeiiece na with tet, a heavier sandy loam which has 
become Midgar to some extent. ‘The drditinees system receives some water 
from land beyond the boundary of the tract. 

Boise Sriphecsti 1 diggin iaiateebess iit of the drains included under 
this heading are not within the Boise Project but are just below it. 

Some of them extend into the project and for this reason all have been 

considered as belonging to the same areae Part of this. area extends 

into Oregon and its lower end is at the confluence of the Snake and 

Boise rivers. It. consists of bottom land above which is a rolling bench. 
_ The subsoils vary.widely and consist of gravel, sand, and what 

is locally called shale. A considerable part of the area in Oregon is 

underlaid by shale. Gravel is found under much of the remainder, but 

is not always reached by the drains. ~The sandy top soil is directly 

underlaid by a sandy clay,or with alternate strata of sand and claye 

The maximum depth of the drains is about 17 fect. 

The Fargo Basin, which includes the Laht and Griffith drnins, 
has benches with rolling topography and an average general slope ery 


40 feet per mile. The subsoil is generally sand and gravel. 
eT ees 


The Dotson and Lower Embankment drains extend to the lower 
embaiilonan t of the-Deer Flat Reservoir,. 
The Lowell:Drain reaches into:gravel and coarse sand throughout 
its length, and hes*a maximum depth of 14 fect. 
The Ross ‘Drain is'at the foot of a terrace, and gravel is near 
the surface as is also the ense along the Sterry and Allen drains, the 
“maximum depth of which is 15 feet... 
The Singer System is on low ground and the formation is mostly 
a poor water-bearing material locally. cxalled shale. 
Along the Welch Drain the top soil is very sandy, and is under- 
laid by fine sand mixed with silt except in some places where it is 
underlaid by clay. 


‘The irrigation season begins in April and ends in October. 


Montana 

The Huntloy Project extends along ye Ycllowstone River and in- 
cludes the towns of bal tantine and Worden. The land is flat with well 
ae ed breaks. yen slope is from 8 to 10 feet per mile. 

The soil varies oe very heavy pees to ; light sandy loam. At 
grade depths tthe subsoil ie clay, sand, and eoavela The majority of 
the drains reach into gravel and sand, _but frequently the permeable 
pehcinee are not continuous and consist of lenses surrounded by tight 
matericls.e Along many ronnie the formition above the sand and gravel 
ie Bichs clay. As compared with that of other projects, the duty of 
water is very nein, Bit Ge these factors tond to mke the yield of the 
drains relatively love Beno both relief and interceptive types 
are used, topography governs the Loention of the drains. Complete 


‘amie on discharge were available | for 1914 and 1915. The data for 
oe @ 


1925 were obtained by single measurements only. For the individual - 
drains the discharges shown cxceed those of any previous record. 

thé “irrigdtién season begins in May and ends in September. The 
principal crops aro Alfnifa, grain, and sugar beets... 

The lowcr Yellovstone Project is in Eastern Montana and Western 
North Dakota. ‘tho drain ‘listed in. Table 4 has relieved scepage condi- 
tions on 1,000 acres. Not much:land is irrigated.along the open drains 

. . Nebraska 

- “pinedin Courity Drainage District No. 1 is on the South Platte 
River, and the lower end ef the district is. about 3 miles west of the 
tom of North Plattes'‘ The land is flat and irregular, and parallel with 
the river the average slope is 7.5 feet per mile. The district is about 
12 miles long. ‘The distance betcen the, South Platte and North Platte 
rivers is about 3 miles and the latter is lower than the former. The 
soil is 2 loam’ immediately belov which is a clay loom or heavy sandy 
clay. The drains extend into a formation of coarse sand with some 
eravele . 

- Both the annual and mximum yields per squ*re mile are among the 
highest listed inthe tables. Probably the, yield is affected to a con- 
siderable extent by losses from the South Platte River. Frequently 
‘heavy precipitation occurs during the summer months. 

‘The North Platte Project extends along the North Platte River in 
Nebraska and Wyoming. The topography is rolling and the average slope 
‘is 15 feet per mile: Along the Dunham-Andrews and the Winters, Creek 
drains the slopes are 21 and 26 feet per mile, respectively. The soil 


‘varies from sandy loam'on' the greater portions of the Interstate. and 
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Northport oe ofc to ott on portions of the Ft. Laramie Division. 
On a considerable part of the project the subsoil is Brule clay, a 
compact AT eee containing much fine sand. When unbroken it is 
quite impervious, but care it is fissured to such an extent that water 
moves er ee Eee ay 

Sone oe the total areas include a. considerable amount of unirri- 
gable lana’ the deeins are mostly of the relief type, and are situ- 
ated inwalleyse The majority are open drains. Discharge data for some 
drains were not included in the tables, since it appeared’ that they 
carried a enaitorenis emotnt of Pry: wastee Data for drains on the 
Interstate Division do ta include the outlets which cross lower areas 
outside the project. Data for all other drains are for a point at or 
near the outlet into the ee. Some of the drains have natural tribu- 
tary channels which may pick up some seepage water. This is particularly 
true of the Sheep Creek, Dry Spotted Tail and Indian Creek drains. 
The Winters Creek, Alliance, and Minatare drains are below reservoirs 
which probably contribute seepage water to them. 

The irrigation season begins in April and ends, in October. The 
principal crops are alfalfa, Be SEIS tite beets. 

Neveda 

The Newlands Project is located on the delta of the Carson River. 
The principal town is Fallon. The surface might be described.as a series 
of potholes or depressions separated by ridges. The slope of the tract 
is slight, averaging only about 4 feet to the mile. The soils are deep 
and very petted and vary from light aint soils to clay and adobe. 


The more pervious soils are, with few exceptions, in the upper parts of 
sia EEL, in 


the project. The predominating soil on the North Carson Division is 
sandy loam and the subsoils.are sandy. In the South Carson Division 
the soils and subsoils vary widely, but for the most part are heavy. 
The Truekee Division has eteeper slopes and some of the soils are 
gravelly loam. The subsoils are sandy nip ene eravel. 

Prior to the instellation of the deep drains a shallow drainage 
system was constructed. These shallow drains serve merely to carry off 
farm waste and are not included in the mileage given in the tables. 

‘The irrigable lands are. more or less scattered. The irrigation 
season is from April 1 to October 15, The principal crops are alfalfa, 
grain, and potatoes. 

€r New Mexico 

The Carlsbaft Project lies on.the Pecos River in the southeastern 
part of the State, The surface is rather even, and the average slope is 
le feet per mile., The soil is clay and, sandy loam while subsoils are 
gypsum, sand, @ind gravel. Drains are interceptive. The irrigation 
season is lon’g, principal crops are cotton, alfalfa, grain, and fruit. 

The Frio Grande Project extends along the Rio Grande in New Mexico 
and Texase The El Paso Division is in Texas, its principal town being 
El Paso. The project consists of river-bottom lands skirted by bluffs, 
and var jes in width from 1 to 5 miles. The,river is very crooked and 
the CYa~annel is wide, shallow, and quite sandy. The river's bed. is gen- 
eral ty from 4 to 8 feet below the bordering lands, but often the land 
Sl¢ snes away from the banks and in a few places the bed is slightly higher 
than portions of the valley. The ground surface is flat except where 
broken by small sand hills or cut by old river washes. The general 

slope of the valley is from 4 to 5 feet to the mile. The character of 


the soil shows great variation, the chief materials being sand and silts; 
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thege Ratenicks estes in spots,and pockets, Frequently thin lamina- 
tions of silt are found at intermediate depths. Sand grading from 
eee his to quicksand is found. practically everywhere from 6 to 10 
feet below the surface. 

Before drainage was undertaken. about 70 per cent of the project 
eas acileitas by a high water tables. Some of the drains are near the 
as wile others are back near the bluffs. They are generally long 
‘ape more or less parallel with, the rivers - The Rincon Division shows a 
a annual drainage yield than the other divisions. It receives 
more ing batt ott water than the others although the supply is not greatly 
in excess of that used on the El Paso.Division, The Rincon Division is 
narrow and the drains are near either the river or a canal, or both, 
the Hatch Drain particularly being near the river. On the Mesilla Div- 
Natit Ste Del. Rio, Leasburg, and West drains have high maximum discharges. 
The Del Rio Drain, except for one, branch, ‘is.all on low ground and is 
near the river.. Part of the Leasburg Drain is near a canal, and the 
remainder is near the rivere. The West drain.is close to the bluffs 
and remote from the rivers The Mesilla and Anthony drains ha‘ve low 
discharges. Part of the Mesilla Drain is near the bluffs and part is 
between two other drains... The Anthony Drain runs:through a wide sec- 
tion, and another drain is located between-it and the bluffs. On tne 
ol Paso Division, drains having high maximum discharges are the Fabens 
and Playa; both are near the river and near an irrigation lateral. 

The Island and Border drains have low maximum discharges. A — of 
the former is between two drains and the latter is near the bluffs at 
a considerable distance from the rivers, 
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| Water is diverted during 11 months. of the year although the 
quantity is rather smill during the winter months. The principal crops 
are cotton, alfalfa, corn, cane, melons and garden truck. 

: Oregon 

The Klamath Project is at Klamath Falls. The land is flat and 

has an average fall of 3 feet to the mile. The predominating soil is 
sendy loam underlaid by hardpan, a diatomaceous formation, and fine 
sand. The area considered in the various tables is traversed by Lost 
River which serves as an outlet for the drains; it also carries irriga- 
tion water. The length of drain given in the tables includes this 
natural channel< The discharge is influenced by ao smll reservoir on 
the lower part of Lost River, cshich fact .ccounts for the irregular 
monthly yield for 2 portion of the year’as shovm in Table 1. 


The irrigation setson begins in My and ends in September. 


‘The year of record for drainage yield given in Table 1 begins with 


October. The principal crops are alfalfa and grain. 

The Nyssa-Arcadin Drainage District extends along the | 
Snake. River near Nyssa. Fine-sandy loam is the predominating soil 
which quite generally is underlaid by hardpan 3 to 5 fect thicke 
Under this hardpan there is usuadly found a thin str:tum of quickssnd. 
The lover 2 1/2 miles of main drain is in a very hard, close-textured, 
sandy clay soil. The remainder of the system penetrates into a layer 
of fine sand, and in a few -cases reaches gravel. The irrigation season 
begins in’ April and ends in October. The principal crops are alfalfa, 


grain, and fruite 


The Umatilla Drainage District includes the town of Stanfield. 

It consists of a smll valley bordered on ,three sides by two irrigation 
canalse One of these carries water during the irrigation season and 

the other during the winter months. The slope varies from about 5 feet 
per mile at the lower end of the valley to 50 feet per mile at the upper 
end. The soil ranges from fine sandy loam on the lower part to coarse 
soil with traces of gravel at the upper end. At the lower end hardpan 
exists to a considerable depth but the greater part of the main drain 
reaches into gravel and sand. In 1923 hte irrigation season extended 
from March 10 to July 25. In 1924 it was. from March 7 to June 1. 

The Umatilla Project is located in northeastern Oregan and in- 
cludes the towns of Hermiston and Umatilla. The Main Drain, which is 
the only one considered in Tables 3 and 4, is in @ valley of rolling 
topography, and the average slope is 6 feet per mile. The soil is sand 
and sandy loam underlaid by sand and some gravel. The irrigation scason 
begins in April and ends in October. The. principal «crop,is,alfalfas 

The lower end of the Main Drain is very deep and reaches into 4 
gravel. The greater part of the system has less depth and the predomin- 
ating subsoil is sand with some gravel. The drainnge yield, in porcent-ge 
of water applied, is the highest listed in Table 3 and it is difficult 
to identify the source of all of it. It is possible that the seepage 
loss from the Cold Springs Reservoir is greater than the estim ted 
amount, and perhaps the precipitation figures should have been based 
upon 4n area greater than that irrignrted. The discharge recorded ona 
section one mile long at the lover end of the main drain (Table 4) is by 


far the highest as to yicld per linear mile. 
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Utah 


In the case of Utah, records were not available on total annual 
yields of drains nor on the. quantity of water appnlied. The duty of water 
is said to vary.from 1.5 to 4 acre-feet per ctl pour 2.5 to 3.5 acre- 
feet per acre as a fair average. The tate BO Cte ae alfalfa, sugar 
beets, and grain. In general the surface soils do not differ structua lly 
from the subsoils. Both vary widely for mast of the drains and this 
makes it difficult, and frequently impossible, to report the predomin- 
ating subsoil for each case. A saa: Boar type of subsoil sons ieee of 
clay or sandy clay with layers of sand. | 

In many instances figures on the area irrigated dna not sae. 
and in some cases the unit discharge per square mile, Pee given rh Table 3 
was computed on the basis of total area. For a considerable number of 
the drains the area irrigated is a low pepiewiace of the total area, 
because the discharge measurements were made before gee had fully 
recovered from the conditions hale seer to drainage. The usual 
depths of the drains listed range from 5 i/e to 8 feet, and they are 
spaced from 400 to 1,30C feetapart. Close spacing partly DeeOuaes 
for the low discharge per linear mile of drain. Moreover, sittsee geste 
is not admitted to underdrains. | 

Millard County Drainage District Nos. 1, 2, 3, and 4 are located 
in the Pahvant Valley near Delta. District No. 3 has an area of 44,000 
acrese The valley is flat, the general slope being 5 feet per mile. 

The soils vary widely, with clay loam and sandy loam predominating along 
the drains listed in Table 4. The subsoils vary from clay to sandy clay 
with layers of sand. Alfalfa seed is an Rhbophent crop in this vali wee 
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The Sevier County, San Pete County and. Redmond drainage districts 
are on wie Sevier River in the vicinity of the towns of Richfield, 
erat ct and Redmond, respectively. — The Bones are generally slight on 
the lower parts of these ‘qistricts, and much steeper on the upper parts 
of same of them. It seems probable that in some cases the areas reported 
do not include some of the higher land which may be tributary to the 
drains. Soils on the lower portions are clay and sandy clay loam. With 
respect to subsoils, considerable gravel is found ho San Pete County 
Drainage District No.l and sand and gravel in Sevier County Drainage 
Districts Nose 2 and 3. Some gravel is found in Sevier County Drainege 
District No. 66 Predominating subsoils on the other districts are clay 
and sande 

The Benjamin, Lake Shore and Benjamin, Lake Shore and North 
Drainage Districts, and Utah County Drainage District No. l, are situ- 
ated on or near the southern shore of Utah Lake and near the town of 
Spanish Fork. The predominating soil is clay loan, with lighter soils 
on the ridges. Predominating subsoils are clay and sandy clay with 
layers of sand. Sand subsoil is more prevalent in the Benjamin district 
than in the others. 

The Elwood Drainage District extends along the Bear River and is 
about 9 miles northwest of Brigham City. The soil is loam with some fine 
sandy loam. The subsoils are clay loam and clay. The land is flat, 

This district is largely cultivrted. 

D-vis County Drainage District No, 1 and the Brighton Drainage 
District are near the shore of Great Salt Lake and not far from Salt 
Lake City. The surface is flat. The soils are loam and clay, and the 


subsoils are clay and clay loam. 
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The Jensen Tract is in the vicinity of Murray. It consists of, 
20 acres but has additional tributary arcae The subsoil is gravel. 

The Swan Tract is located 4 miles west of Salt Inke City and con- 
tains 40 acres. The soil is silty and sandy lonm, and the subsoil is 
heavy clay with a shallow sand stratum ata depth of 4 feet. Hardpan 
exists on the lower half of the tract. 

The Webb Tract is near Riverton and contains 10 acres. Other 
irrigated land is tributary. The.soil is sandy loam, and the, subsoil 
is loose sand and fine gravel. 

Washington 

Yakima County Drainage Districts. Districts Nos. 28 and 33 are 
in the Naches Valley near the town of Naches. Districts Nos. 4, Tog sos 
24, 29, and 38 to 42, are in the vicinity of Yakima. All athers listed, 
under this heading are in the Sunnyside Division of the Yakima Project. 

. The topography is generally rolling; the ridges and draws are 
well defined, leaving little choice in the location of a drainage system. 
The slopes vary widely and generally are flat on the lower portions of 
the districts; on the upper portions the land is quite rolling with 
slopes, in some cases, of over 100 feet per mile. Soils vary from sand 
to heavy silt, but the ma jority are sandy loams. Subsoils vary from 
clay and hardpan to sand and gravel. The hardpan is a tight silt or clay 
formation, not calcareous. A common type of subsoil on the Sunnyside 
Division consists of alternating layers of hardpan and fine sand or 
hardpan with sand pocketse 

_On the Sunnyside Division the irrigation season begins with April 
and ends with October. The principal crops are alfalfa, fruit, erain, 


and potatoes. The furrow or corrugation method of applying water is usede 
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Rotation is not generally practiced. The water application in districts 
Nose 38, 40 and 41 is light as compared with that in the Suny ifie Div- 
ision. The application of water in districts Nos. ? and 12 is heavy; 
in Nos. 13, 28, 33, 39 and 42 it is very heavy, and it is possible that 
some of these districts have a greater tributary area than is generally 
indicated by the ground surface topography. 

The land of districts Nos. 13, 28, 35, 39 and 42 is rather flat; 
the soil is — loam, and the subsoil is anstes] 

Districts Nos. 3, Se Da 2 dey 22 Big 20 are tributary to the 
Sulphur Creek wasteway which serves as an outlet and a deep drain. The 
predominating soil of the majority of these districts is sandy loam. 
They are eclabivnts flat at their lower ends and have rolling topography 
at the upper andies Of this omen District No. 3 is ee and has 
the atta) Lest amount ee sendy loam mil. 

Districts Nose 7 and 12 have flat topography. The soil on the 
upper portions is sandy and on the lower portions it is a heavy silt loam. 

Districts Nos. 2, 25 and 27 are rolling. Wo. 27 has a good | 
deal of sandy soil and the other two a considerable amount of loam. 

District No. 15 has rolling tovography. The soil is fine sandy 
loam on the ridges and a silty loam in the draws. It appears that the 
earth around the underdrains is so puddled that water does not enter 
them freely. 

District No. 16 is rather flat and les a considerable amount of 
silt loam s4il. 

District No. Joint 1 has silt loam and fine sandy loam soil. 

The land is flat with Bescon are. and water from the drainage avetett 


has to be pumped. | 
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All of the underdrains and open drains in Yakima County carry 
surface waste from farms. Tho Sulphur Creek Wasteway. carries much direct 
waste from canals and laterals, but its amount has been deducted from the 
discharge figures listed. For all Yakima.County drains shown in Table 3, 
the year of discharge record begins with April. 

The Wapato Project is on the Yakima Indian Reservation. The princi- 
pal towns are Toppenish and Wapato. Toppenish Creek is near the southern 
Soundary of the area considered, and the Yakima River forms the eastern and 
northeastern boundary. At the northeastern boundary the Yakima River is 
higher than much of the southem portion of the project and this no doubt 
has @ considerable bearing on the underground water conditions. 

The land is generally flat, and although it is somewhat uneven it 
has been possible to locate drains more or less uniformly along subdivision 
lines. To a considerable extent the drains are ee The soils 
are generally a sandy or gravelly loam but heavier soils predominate in 
the eastern and southern portions. Except in the eastern portion the 


soil blanket is generally thin and is underlaid by coarse gravel toa 


considerable depth. 


On the upper and northern portions of the project the depth to 
the water table varies widely with the seasons and some drains which 
shiow very heavy discharge during the irrigation season are dry during 
the winter months. Drains Nosel, 2, 3, and 4 are all in coarse gravel 
and closely parallel large irrigation laterals; in fact the spoil from 
the drains was used to build the banks of the laterals. For all drains 
on this project the year of record for discharge given in Table 3 begins 


with March. 
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Although some water is diverted during March the irrigation season 
usually begins with April: and. ends with Octobere A considerable portion 
of the drainage water is used for irrigation on the project, and this has 
been included both in the total yield of the drainage system and in water 
diverted to the project. The principal crops are alfalfa, grain, and 
potatoese 

The Yakima City Westside Drain is deep and is located in gravel, 
some of which is very coarseée No surface water is admitted to es 
and the discharge shown is all seepage water. 

Wyoming 

The North Bench Drainage District is in the Big Horn Basin 
immediately north of the town of Basin. The soil is clay loam, and 
gravel is usually encountered at drainage depth. The gravel is well 
compacted, the interstices being filled with fine material. A —e 
able part of the area considered was not cultivated. 

The Wyoming Experiment Station is located near Laramie. Tne 
drained area contained 80 acres, but higher irrigated land was tributary. 
The soil is thin-and is underlaid by a coarse sandy gravel. 

The Shoshone Project extends along the Shoshone River. Powell is 
the principal town. The tract ranges from comparatively flat land with 
benches, to rolling. General slopes vary from 25 to 35 feet per mile on 
the lower portions of the project, but are much steeper on some of ing 
higher parts. The soil waries from light sandy loam to heavy claye The 
subsoils vary from gravel to shale. | 

Area No. 1 is on the first bench. The wien sandy clay and the 
predominating subsoil is black gravel. About 2 miles of RUN pe are 


in quicksand. 
wp Bel 


Area No. 2 is on the second bench and along a large canal. The 
soil is sandy clay and the subsoil is black gravel. 
Area Noe 3 is on low land. The soil is sandy clay and the sub- 
soil is black gravel. 
5. Area No. 4 has sandy clay soil of somewhat greater depth than 
" that of areas 1, 2 and 3. The predominating subsoil is black gravel, 
but about 4 miles of the drains are in gravelly sand and sandy clay. 
Area No. 5 is just below an irrigation lateral. The predominat- 
ing subsoil is in gravel. Some sand and shale are also found. 
Area No. 6 is high and contains steeply sloping land crossed by 
two main laterals. The soil and subsoil are sandy clay. 
Area No. 7 is high and includes steeply sloping land. The sub- 
soils are quicksand, shale and sandrock. 
Area No. 8 is below a small reservoir. 
Area No. 9 is low land, and clay predominates. 
For 1925 the irrigation season began with may and ended with 
September. The principal crops were alfalfa, grain, potatoes, and 


sugar beetse 
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Pioneer and Rio Grande Wapato Project 
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Fig. |.— Relation of total annual run-off to total irrigation water applied plus precipitation 
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